, but comparable to measurements in London in the 1950s (5) .
Environmental PAH exposure in Silesia has been monitored by stationary samplers (3) , and several studies have used diverse biomarkers of exposure to mutagenic and carcinogenic compounds (6) (7) (8) (9) (12) .
Plants B and E have side-filling of coal, whereas plant D has batteries with side-filling and batteries with top-filling. In addition we studied two environmentally exposed groups, one consisting of individuals living in an industrialized area, Silesia, and the other consisting of individuals living in a nonindustrialized area, Biala Podlaska. The environmentally exposed group in Silesia consisted of three subgroups (Table 1) . For each participant, we collected data on lifestyle factors including smoking and medical history, age, and workplace description. Urine samples were collected in polyethylene tubes before and after shift for the occupationally exposed group and during morning and afternoon in the environmentally exposed groups. PAH breathing-zone samples and urine samples were collected the same day. Air samples were collected with personal sampling devices in only one of three environmentally exposed groups in Silesia. We were not able to collect air samples with personal monitoring devices in Biala Podlaska. The measurements were taken twice, once in summer (September) and once in winter (February and March). For a summary of groups and sample collection data see Tables 1 and 2 (Millipore, Milford, Massachusetts) . All values were corrected based on the creatinine content (16) .
Statistical methods. Both urinary 1-hydroxypyrene and air measurements of PAH, pyrene, fluoranthene, and benzo[a]-pyrene were log normally distributed. Therefore, these data were log-transformed for t-tests and analysis of variance. In t-tests, the mean values were back-transformed, resulting in a geometric mean which was used in the Tables. The residuals after regression analysis gave the best fit to normal distribution when analyzed on log-transformed 1-hydroxy-pyrene and pyrene data. Coefficients for regression analysis were not back-transformed; therefore, the information in the coefficients are limited. For testing group differences with analysis of variance, Scheffe's method was used. The calculations were done with Statgraphics, version 5 (STSC, Rockville, Maryland). (Table  3) , and there was good agreement between these variables. Therefore, in the following Table 4 , and a box plot of the PAH exposure level are shown in Figure 2 . The PAH levels were higher in samples from coke oven workers than from environmentally exposed subjects, but there was great variation in samples from the various coke oven plants. The difference between arithmetic mean and median values shows that the data have a skewed distribution. The PAH levels in samples collected in winter were higher than samples collected in the summer ( In Silesia, we found a higher level of urinary 1-hydroxypyrene in samples collected in the winter compared to samples collected in the summer both from coke oven workers and environmentally exposed subjects, but it was only among the environmentally exposed subjects that this difference was significant. In Biala Podlaska, the nonindustrialized area, we found no such seasonal difference (Table 7) . A seasonal effect was found in environmental samples from the industrialized areas of Gliwice and Bytom, but not from the industrialized area of Swietochlowice (Fig.  3) . Workers at coke oven plants are exposed to higher PAH levels than the environmentally exposed individuals. There was a significantly (p<0.005) higher (Table 7) . In Silesia, the 1-hydroxypyrene level was higher in samples from coke oven workers than in samples from environmentally exposed subjects; these differences were also significantly different (p<0.05) except for the difference between Gliwize and plant E (Table 7 ). In the environmentally exposed groups, both from the industrialized Silesia region and the nonindustrialized Biala Podlaska region, there was a significantly higher excretion of 1-hydroxypyrene among smokers than among nonsmokers. Among coke oven workers we also found a higher level of 1-hydroxypyrene in smokers, but this difference was not significant (Table 8) .
We analyzed the associations among urinary 1-hydroxypyrene and exposure to pyrene, smoking, and age in both the winter and summer samples. The simple regression data between urinary 1 -hydroxypyrene and pyrene exposure are shown in Table 9 , and multiple regression analyses are shown in Articles . 0vreb0 et al. (25) . In some studies of occupationally exposed individuals, the difference in urinary 1-hydroxypyrene between smokers and nonsmokers was greater than expected (26) , indicating that smoking has an effect on uptake, excretion, or metabolism of 1-hydroxypyrene. In our data (Table 8) , the difference in urinary 1-hydroxypyrene between smokers and nonsmokers was 0.9 and 1.8 pmol/mol creatine for coke oven workers in winter and summer samples, respectively. The difference in urinary 1-hydroxypyrene between smokers and nonsmokers is also elevated in environmentally exposed subjects from Silesia. Smokers may have induced P450 enzymes (27, 28) , resulting in a faster biotransformation, and smokers have less efficient ciliary clearance of particles in the upper airways.
The association between urinary 1-hydroxypyrene and pyrene or PAH and other relevant variables has been studied among coke oven workers. Correlation coefficients (r) between urinary 1-hydroxypyrene and pyrene in air are reported to be 0.58 (R2 = 0.33) (29) ; the Spearman correlation coefficient for 1-hydroxypyrene after a shift and pyrene in air multiplied with exposure hours is 0.15-0.40 (R2 = 0.02-0.16) (20) , and the correlation coefficient between urinary 1-hydroxypyrene and PAH in air is 0.50-0.55 (R2 = 0.25-0.30), before and after shift (21) .
One explanation for these relatively low correlation coefficients may be uptake through the skin (21) . In a study of creosote workers where skin uptake was estimated, R2 was 0.79 in a multiple regression analysis (22 (20) . In a study of nonoccupationally exposed smokers, a high partial R2 of 0.66 Iwas found for PAHs from cigarette smoke, and the authors could explain 73% of the variability of 1-hydroxypyrene (25) . In our study all regression coefficients were positive except for winter samples in environmentally exposed subjects. The number of samples in the environmental study are low, and for simple regression analysis the coefficients were not significant. Based on earlier studies and on our own data, one can conclude that pyrene in air is not a very strong predictor of excretion of 1-hydroxypyrene.
This study, together with previous studies, shows that Silesia is a region with high PAH exposure. These investigations have produced important data for current and future epidemiological investigation in this area. The 
